Circadian tempo: a paradigm for genome stability?
Circadian clocks are molecular time-keeping systems that underlie daily biological rhythms in anticipation of the changing light and dark cycles. These clocks mediate daily rhythms in physiology and behavior that are thought to confer an adaptive advantage for organisms. It is hypothesized that cell cycle checkpoints are gated to an intrinsic circadian clock to protect DNA from diurnal exposure to mutagens (e.g.; UV radiation peaks with daylight and dissolved genotoxins that fluctuate with feeding periods). It is proposed that DNA replication arrest in response to genotoxic stress is a likely basis for the evolution of circadian-gated DNA replication. This protective mechanism is highly conserved and can be traced along the evolutionary time-line to the early prokaryotes, unicellular eukaryotes and viruses. Peak DNA repair capacity is normally synchronous to the crest of mutagenic stress as they oscillate with respect to time. Mutator phenotypes with increased vulnerability to genotoxic stress may therefore develop when the circadian pattern of cell cycle control, DNA repair or apoptotic response are phase-shifted relative to the rhythm of mutagenic stress. The accumulating mutations would lead to accelerated aging, genome instability and neoplasia. The proposed model delineates areas of research with potentially profound implications for carcinogenesis.